The 30-kDa secreted antigen of Mycobacterium tuberculosis was a strong inducer of tumor necrosis factor alpha in human monocytes. Our findings suggest that tumor necrosis factor alpha production may be up-regulated at both the posttranscriptional and transcriptional levels. Regulation at the posttranscriptional level probably reflects enhanced translational efficiency.
The 30-kDa antigen is a major secretory product of Mycobacterium tuberculosis (2, 12, 15) . Horwitz and coworkers (8) demonstrated that immunization with the 30-kDa protein, alone or in combination with other major extracellular proteins of M. tuberculosis, induced strong cell-mediated immune responses in guinea pigs and a substantial level of protective immunity to challenge with aerosolized virulent tubercle bacilli. We recently demonstrated that monocytes obtained from healthy donors secrete tumor necrosis factor alpha (TNF-␣) in response to the 30-kDa antigen (3) . TNF-␣ is a cytokine that has been demonstrated to be protective in a murine model of Mycobacterium bovis BCG infection, in that it is crucial to the development of mycobactericidal granulomas (9) . TNF-␣ also acts as a macrophage-activating factor in mycobacterial infection, inhibiting the intracellular growth of mycobacteria, including M. tuberculosis (4, 7) .
We studied the mechanisms regulating TNF-␣ production in response to the 30-kDa antigen in monocytes obtained from healthy donors. Cytokine responses to this antigen were compared with those to purified protein derivative (PPD), an autoclaved culture filtrate of M. tuberculosis previously shown to induce TNF-␣ in monocytes (14) . The results of this study suggest that TNF-␣ production is strongly induced in monocytes in response to the 30-kDa protein and that its production is up-regulated at both the posttranscriptional and transcriptional levels.
Peripheral blood mononuclear cells were separated from heparinized blood obtained from healthy tuberculin-negative donors by sedimentation over Ficoll Hypaque (Pharmacia, Uppsala, Sweden). Monocytes were isolated by adherence on six-well tissue culture plates (Costar, Cambridge, Mass.) and cultured in RPMI 1640 medium (Whittaker Bioproducts, Walkersville, Md.) containing 2% pooled human serum. To eliminate the effects of any residual contaminating lipopolysaccharide (LPS), polymyxin B (10 g/ml; Sigma) was added to wells containing medium alone or medium with M. tuberculosis antigens. Polymyxin B at this concentration completely blocked the stimulatory effect of LPS at 1 g/ml on TNF-␣ production in monocyte cultures. The 30-kDa antigen, a generous gift from Thomas M. Daniel, Case Western Reserve University, was purified from M. tuberculosis (H37Ra) culture filtrates (12) . PPD was a gift from Lederle Laboratories, Pearl River, N.Y. The levels of endotoxin as assessed by the Limulus amoebocyte lysate test (Whittaker Bioproducts) were Ͻ20 ng/mg both in the 30-kDa-antigen preparations and in the PPD preparations. LPS at this concentration did not induce TNF-␣ production in monocytes.
Total cellular RNA was isolated from adherent monocytes by the guanidine isothiocyanate-cesium chloride method. The expression of TNF-␣ and actin mRNA was assessed by Northern (RNA) blotting (13) . Laser densitometry (with a Sci-Scan 5000 scanning densitometer; United States Biochemical, Cleveland, Ohio) was performed on autoradiographs.
The level of TNF-␣ protein secreted in culture supernatants was measured by enzyme-linked immunosorbent assay (ELISA). Briefly, standards (recombinant human TNF-␣; Genzyme, Cambridge, Mass.) and sample culture supernatants were incubated with anti-human TNF-␣ monoclonal antibody (Olympus, Lake Success, N.Y.) followed by polyclonal rabbit anti-human TNF-␣ antibody (Genzyme) and anti-rabbit immunoglobulin G-alkaline phosphatase conjugate (Sigma).
For pulse-chase analyses, monocytes were cultured for 6 h in the presence of the 30-kDa antigen (5 g/ml) or PPD (50 g/ml). [ 3 H]leucine (200 Ci/ml; specific activity, 153 Ci/mM; Amersham, Amersham, United Kingdom) was added to the monocyte cultures for a short pulse of 30 min; this was followed by the addition of medium containing excess cold leucine for 4 h. Immunoprecipitates of TNF-␣ were recovered from culture supernatants and monocyte lysates with rabbit anti-TNF-␣polyclonalantibody(Genzyme)andproteinA-Sepharose (Pharmacia), and then the immunoprecipitates were subjected to sodium dodecyl sulfate-12% polyacrylamide gel electrophoresis (SDS-12% PAGE). Biosynthetically labeled TNF-␣ was analyzed by autoradiography.
The significances of the differences in TNF-␣ mRNA and protein levels for cultures stimulated with medium alone, with the 30-kDa antigen, and with PPD were calculated by Student's paired t statistical test.
In the initial experiments, a dose-response analysis was performed for the induction of TNF-␣ mRNA and protein secretion in monocytes in response to the 30-kDa antigen (1 to 15 g/ml) and PPD (1 to 100 g/ml) (Fig. 1) , and these results were compared. The 30-kDa antigen induced TNF-␣ production strongly. Both the induction of TNF-␣ mRNA and protein secretion increased in parallel and in a dose-response fashion in response to the 30-kDa antigen at concentrations up to 15 g/ml, surpassing TNF-␣ concentrations attained in response to the optimal concentration of PPD of 50 g/ml. Furthermore, whereas the 30-kDa antigen at a concentration of 5 g/ml elicited significantly lower TNF-␣ mRNA levels than did PPD at 50 g/ml, comparable levels of TNF-␣ protein were secreted (Fig. 1) .
We next compared the time course of secretion of TNF-␣ protein in response to the 30-kDa antigen (5 g/ml) with that in response to PPD (50 g/ml). As shown in Fig. 2 , the secretion of TNF-␣ protein in response to PPD reached peak levels by 6 h of culture and then plateaued. In contrast, the secretion of TNF-␣ protein increased more gradually in response to the 30-kDa antigen, attaining maximal levels by 18 h. A similar time course pattern for TNF-␣ protein secretion was demonstrated for monocytes obtained from five additional subjects. The peak TNF-␣ protein levels (2 to 25 ng/ml) attained in response to the 30-kDa protein were, however, comparable to and not significantly different from those elicited in response to PPD (2 to 17 ng/ml) as measured by ELISA with the supernatants of 18-h cultures (n ϭ 8, P Ͼ 0.4) (data not shown).
TNF-␣ mRNA induction in monocytes was measured between 1 and 6 h following stimulation by the 30-kDa antigen (5 g/ml) or by PPD (50 g/ml) (Fig. 3) . Although the kinetics of TNF-␣ mRNA induction in response to these two stimuli were similar, the level of TNF-␣ mRNA induced in response to the 30-kDa protein was lower than that in response to PPD at each time point measured. Despite the donor-to-donor variations in the times (between 3 and 6 h of culture) of peak induction of TNF-␣ mRNA, the response patterns were similar for monocytes from six different donors.
The level of TNF-␣ mRNA induced in monocytes obtained from eight different healthy donors was found to be significantly lower at 3 h of culture in response to the 30-kDa antigen (5 g/ml) than that in response to PPD (50 g/ml) as measured by laser densitometry of Northern blots (ranges of mRNA density in response to the 30-kDa antigen and PPD, 2 to 40% and 18 to 82%, respectively; n ϭ 8, P Ͻ 0.005) (data not shown).
The rate of decay of TNF-␣ mRNA induced in monocytes in response to the 30-kDa antigen (5 g/ml) was compared with that of TNF-␣ mRNA induced in response to PPD (50 g/ml) (Fig. 4) . TNF-␣ mRNA induced in response to PPD decayed to 60% by 30 min and then stabilized at this level. In contrast, the rate of decay of mRNA induced in response to the 30-kDa antigen was more precipitous, with the mRNA decaying to 20% by 1 h, with a half-life of approximately 40 min, which is similar to that found in monocytes in response to endotoxin (6) . Similar rates of decay of TNF-␣ induced in response to the two stimuli were demonstrated for two additional monocyte donors tested. Thus, the greater production of TNF-␣ protein relative to that of mRNA in response to the 30-kDa antigen compared with that in response to PPD could not be attributed to a longer TNF-␣ mRNA half-life with the 30-kDa antigen. Indeed, constituents of PPD appeared to stabilize the production of TNF-␣ mRNA.
The processing and secretion of TNF-␣ protein in monocytes stimulated with the 30-kDa antigen and with PPD were VOL. 63, 1995 NOTES 3207 assessed in pulse-chase analyses (Fig. 5) , and the results for both stimuli were compared. The processing of TNF-␣ protein by monocytes in response to the 30-kDa antigen was similar to that in response to PPD. At the earliest time point (1 h), two forms of the TNF-␣ protein were apparent in the cell lysates: the 26-kDa precursor form (10) and the 17-kDa secreted form (1, 5, 11) . By 4 h, only the 17-kDa secreted form was detected in either lysate. TNF-␣ protein, once produced in the cell lysate, was rapidly processed for secretion in response to either antigen. Of note, the production of the 26-kDa precursor form was still evident, although slight, at 2 h in the cell lysate in response to the 30-kDa antigen but not in response to PPD.
The quantity of TNF-␣ protein secreted in response to the 30-kDa protein continued to increase up to 4 h, whereas that in response to PPD decreased markedly. This increase in the production of TNF-␣ protein over time in response to the 30-kDa antigen was evidenced by both the presence of the 26-kDa precursor form in the 2-h lysate and the increased accumulation of the 17-kDa secreted form in the supernatant throughout the 4 h. In conclusion, the greater induction of TNF-␣ protein relative to that of mRNA in response to the 30-kDa antigen probably resulted from enhanced translational efficiency.
In this study, we demonstrated that the 30-kDa antigen strongly induced TNF-␣ production in monocytes. TNF-␣ production is up-regulated both at the posttranscriptional and transcriptional levels. Regulation at the posttranscriptional level probably reflects enhanced translational efficiency.
